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B. Research Objectives

1. Apply the Stimulated Emission Pumping (SEP) technique to highly
excited vibrational levels of HpCO and D2CO.

2. Discover whether the rotation-vibration levels of HC0/D2C0O remain
well organized at chemically significant levels of vibrational excitation,

3. Develop new multiple resonance spectroscopic techniques capable of
measuring rotational energy transfer rates (RET) in highly excited vibrational
levels of HaCO.

4. Develop statistical diagnostics for quantum ergodicity which are
applicable to real SEP spectra of HyC0/DoCO.

C. Status of Research Effort

Progress toward all of the cited objectives has been made. Research in
all four areas is continuing under a new AFOSR grant.

1. Qur SEP spectroscopic studies of HpCO are essentially complete. They
have yielded an unprecedentedly complete set of anharmonic constants for a
4-atom molecule. Experiments on D2CO have begun, but the spectra appear much
more complex and congested owing to the higher vibrational density of states
and the smaller rotational constants for DpCO vs. HpCO. D2CO SEP experiments
are temporarily suspended pending development of a suitable diagnostic for
quantum ergodicity. | |

2. We have found that the vibration-rotation Tevels of HyCO are weil
organized at low-J up to at least 9300 cm~1, but nearly completely ergodic at
higher-J. We are now attempting to discover whether levels which are
organized (vibrationally assignable) display any systematic differences in
collisional properties from levels which are quantum ergodic (intrinsically
unassignable). To date our studies of HCO/HoCO collisions have shown no

significant difference in total depopulation rate for low-J vs. high-Jd levels.
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We expect that such differences are more likely to be evident in H2CO/He or Ar
collisions; initial experiments of this type have been successful and are
being analyzed.

3. We have demonstrated several techniques for the first time on HyCO:

'Transient Gain Spectroscopy (TGS), Transient Polarization Spectroscopy (TPS),

and Transient Absorption Polarization Spectroscopy (TAPS). TGS and TPS were
deveioped and tested on HaCO A 1A RET. Total depopulation and total
depolarization rates were shown to be identical. State-to-state RET rates
were measured by both TGS and TPS, again in substantial agreement. Owing to
the non-linear nature of TPS, it is much less suitable for measuring
state-to-state rates than TGS. TAPS has been used to obtain total depolariza-
tion rates for several rotation-vibration levels of HyCO % lA; at 11,400 cm-!,
H2C0/H2CO and H2CO/Ar and He collisions have been studied. Preliminary
results suggest that TAPS state-to-state RET studies will be possit ..

4. Using our complete set of anharmonic Dunham constants and the ab

initio cubic force field for HpCO as a starting point, we have begun numerical

studies of the effect of anharmonic coupling parameters on the spectrum of
formaldehyde. We are attempting to identify a statistical diagnostic which

will enable us to deduce what fraction of energetically accessible phase space

is accessible to a molecule subsequent to various preparations and how long

does it take for the molecule to explore uniformly this accessible fraction of

ety
phase space. Two statistical diagnostics appear to be promising. Once we E*"‘
know what to look for in our spectra, we will begin to generate SEP spectra of Eg
D2C0 in the 5000-9500 cm~! region of vibrational excitation. —
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COMPLETED PROJECT SUMMARY

" 1. TITLE: Sequential Excitation Preparation of Molecular Energy Levels with
f“ Special Structural and Chemical Properties

e

’Q 2. PRINCIPAL INVESTIGATORS: Dr. Robert W. Field
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% Department of Chemistry

‘2? Massachusetts Institute of Technology
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‘y and R.W. Field, J. Chem. Phys. 82, 1688-1701 (1985).

‘% "State-Specific Rates of HaCO(Sg)+H2+CO at Energies Near the Top of the
kv Barrier: A Violation of RRKM Theory?", J. Chem. Phys. 82, 1606-1607
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'f "Intramolecular Vibrational Dynamics Including Rotational Degrees of

: Freedom: Chaos and Quantum Spectra", H.-L. Dai, R.W. Field, and J.L.
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A
5$§. 9. ABSTRACT OF OBJECTIVES AND ACCOMPLISHMENTS:
;ét‘g‘
gﬁ&, A. Stimulated Emission Pumping Studies of Formaldehyde
é’:,'u

We have learned a great deal from SEP spectra (Stimulated Emission
R Pumping) about the predominant normal mode character of many H2CO and D2CO
P vibrational levels in the 5000-12000 cm-! excitation region on the XlA;
%y; ground electronic state surface. Spectroscopy has shown that:
t_i‘i.‘
Q%? 1. Nonrotating levels exhibit “assignable" vibrational spectra up to the
° highest E observable so far, "Assignable" means that the energy levels
@é_ are well represented by Dunham type expressions:
R 6 6
3 Ey =_zl[mi(vi+1/z> -.Xleij(Vi"’l/2)(Vj+1/2)]
!" 1= = )
%ﬁ%ﬁ and the only levels that appear in our spectra are those calculated to

have large Franck-Condon overlap with the A 4} levels from which our SEP
i spectra are recorded.
L1
e? 2. At J>5, K3>1, J#K; most of the vibrational regularity in the spectrum
P‘} disappears. The spectra become complicated and unassignable. We believe
Loty this reflects the almost complete loss of localization of the eigenstates
:)‘ onto any conceivable separable Hamiltonian basis set.

3. A marked departure from the behavior in item #2 above is found for

2 the high overtones of the carbonyl stretch. The 2, levels for n=4,5,7
kﬁ, appear to be free of the state-mixing effects found for all other levels.
)
® Our present experiments are designed to discover whether spectroscopic
) information about level"assignability"” or localization has any relevance
$§f to collisional or chemical processes. Does the molecule remember that it
'g s is in a special, localized eigenstate or is the collision so violent that

;f the molecule forgets the nature of its initial state. This is a very
oy tmportant question in light of the fact that spectroscopy identifies
o localized levels embedded in a dense manifold of non-localized or ergodic
qs& states. Ideally, we would want to look for level specific chemistry, but
‘hﬂ such a study would be vastly more difficult than the measurements of
ﬁq& rotationally inelastic rates which we have recently been able to perform.
b
0 B. Collisional Studies of HoCO X A,

N
Sﬂﬁ Although our goal is to look at state-to-state rotational energy transfer
240 (RET) at high excitation energy in the X-state, we started by developing
g§$ and testing techni-ques for monitoring RET in the A-state.
¥
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NI 1. Transient Gain Spectroscopy (TGS). A cw laser probes for gain
ﬂa' produced by pulsed population of a specific rotational level (JKa Ke =
. 12) of the K 4l level. The observed total depopulation rate >for
the 1n1t1a1ly populated roatational level is, for HpCO/H2CO collisions,
] found to be

S
2? krotaL(K 41 132,12) = 110.5 + 3.1 psec-Torr-1 .
)
f”. This rate is exactly what is expected for a dipole-dipole relaxation
. process because it is in excellent agreement with the corresponding rate
52 for the X Og levels measured by microwave pressure broadening
t",
?ﬁ KTOTAL(X 00, Jka,ke) = 150 psec~1Torr-l
‘ because
il =\ . BA z
K KTOTAL(A) = — kToTAL(X)
i bX
.8
3 where y is the electric dipole_moment. Incidentally, we have made the
4 most accurate mesurements of ua and extended knowledge of ux to much
ig higher vibrational levels than had been studied previously.
3
ﬁ, 2. Transient Polarization Spectroscopy (TPS). A cw laser probes for
p$ polarization transferred from the initially prepared Jgakc level to .
O another nearby level. This scheme was deemed necessary because amplitude
, noise on the cw dye laser in the 1-100 MHz region would make transient
‘sg absorption spectroscopy in the X-state prohibitively difficuit. By TPS
; we found that the total depopulation rate of X 41 132 12 measured by TGS
4§# was identical, to within 5%, to the corresponding depdlarization rate
-é; measured by TPS This means that elastic reorientation of J=13 proceeds

S at a rate at least 20 times slower than the total rotationally inelastic
N rate. .

}f- 3. State-to-State RET measured by TGS and TPS. We were able to measure
.?; state-to-state rates in A 41 by the TGS scheme, and recently also by

g& the TPS scheme. The observed rates are

o R

ﬁ@ k(132’12 + 142,13) = 4046 psec‘lTorr°1

%; k(132,12 » 123 11) = 31:8 psec‘lTorr"1 .

Y

This is probably the first measurement of state-to-state RET in an excited
state of a polyatomic molecule. A remarkable result is that

‘g k(132,12 » 147 13) + k(132,12 » 123 11) . 0.64 + 0.10

s kroTAL(A 4% 132,12)
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h#‘ The two predicted strongest a-dipole (Jgxz + J#lga) rates account for 647%
el of the total depopulation rate! This means that RET in HpCO K 41 follows
Lok dipole propensity rules astonishingly well,

o C. Collisional Studies of HoCO X A7 at Eyihration 11,400 cm-!

e

“? 2 Pulsed SEP is used to prepare a transient population in the X 2344 51,4

‘é&: level at ~11,400 cm="., A cw probe laser monitors the decay of the
) preparad polarization (the rate measured by TP> and TAPS is actually twice

‘;L the actual molecular depolarization rate). We have measured

S#h depolarization rates for the 43 3,51 4,61,5 and 133 12 levels and found
i that they are in good agreement with each other,

.l"" -~

Q%ﬂ kToTAL(X 24844 Jkakc) = 1153 psec‘lTorr'l,

which is only 77% as large as kTOTAL(i 00,JKa Kc). This decrease is

Qég : qualitatively but not auantitativley compatibfe with the expected smaller
R dipole moment for the X 2444 level than X Og
BN
i u(0g) = 2.331 Debye
(N ;
o u(2484) = 2.318 Debye.
,f1; What is remarkable is that, even though the density of final states for
505 this inelastic process has increased by 103 from ~10-3 per cm=1 at E=0
) cm~1 to ~1 per cm! at E=11,300 cm-I, the total depopulation rate
i decreases!
éiaj Our initial attempt to monitor state-to-state processes at high levels of
3"' vibrational excitation by Transient Absorption Polarization Spectroscopy
§$ (TAPS) appears to have been successful.
(%)
e .
i) To summarize: all three schemes described here (TGS, TPS, TAPS) have
X been successfully applied to polyatomic molecules for the first time.
QQ They demonstrate the power of SEP schemes to populate selectively highly

excited rotation-vibration levels. These experiments will provide a
fundamental assessment of the relationship between spectroscopic
observations of isolated molecule properties and state-to-state
variations of these properties manifest in collisional processes.
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